The presence of orthodontic wires in oral environment as well as their proximity to other metal elements can lead to corrosion. Wire segments from Nickel-Titanium and stainless steel of which some are submitted to a bending constraint are immersed in acid media and then observed under scanning electronic microscope. The surface condition of the non-immersed segments is the result of manufacturing processes of the arcs. The wires immersed in Ringer + lactic acid have no signs of corrosion. However, distilled water + nitric acid has a corrosive action on the wires. The corrosive behavior depends on the properties of the material, the manufacturing process, the environment, the pH values and the constraints.
INTRODUCTION
In orthodontics, the wires placed in oral cavity are submitted to several constraints. An orthodontic arc like any other biomaterials will suffer a degradation caused by the oral environment.
The origin of degradation can be chemical, electrochemical or biological (microbial attack); corrosion is visible on the external surfaces of the biomaterial.
The superficial atomic layers are the first to act with the surrounding environment because they remain reactive from an electronic point of view. Then, corrosion can lead gradually to deep alterations in biomaterials.
The corrosion level of any metal depends on the chemical composition of the solvent in which it is immersed [1] .
The corrosion of a material can be defined by progressive destruction, a slow disintegration, a crumbling of a substance or a surface by chemical effect. Corrosion can also be defined as a process of interaction between a solid material and its chemical environment, which causes a substance loss of material, a change in its structural characteristics or a loss of its structural integrity [2] .
The corrosion of orthodontic devices in oral environment should be concern to practitioners as the absorption of corrosion products by the body could cause localized or systemic effects and physical properties as well as the clinical performance of the devices may be decreased [1] .
The purpose of this study is to observe and compare the surface condition of orthodontic stainless steel and Nickel-Titanium wires before and after static immersion in acid environment.
MATERIALS AND METHODS
Three maxillary arc wires with 0.016" diameter are used.
-Speed Supercable (Speed System): Coaxial 6 strands, twisted -Co-Ax Steel (American Orthodontics): Twisted, 6 strands
The ends of the arcs are sectioned in order to obtain wire segments with a length of 50 mm. A bending constraint is applied to a segment of each wire using an elastic. Two segments of each wire with and without constraint are immersed in 2 ml of each of the solutions (pH 2) of Ringer + lactic acid (31 drops for 30 ml) and distilled water + nitric acid (2 drops for 30 ml) contained in bottles at 37°C for 16 days. The most representative non-immersed and immersed wire segments are then observed under Scanning Electronic Microscope.
RESULTS
The multistrand wires have a slight spreading of the strands in the stress area ( Figure 1 ).
Figure1. Stress area of multistrand wires. Light distance of Co-Ax steel and Speed Supercable strands
The The surface properties of the Nickel-Titanium are critically dependent on the used procedure [1] . It has been shown that resistance to localized corrosion of the Nitinol can vary considerably according to its surface condition [3] .
Factors such as the chemical environment, the pH, the temperature, the design of the equipment, the manufacturing process, the finishing of the surfaces, contamination and maintenance procedures can influence the corrosion of stainless steel; there are usually the types of localized corrosion [4] .
According to Rondelli and Vicentini [5] , the Nickel-Titanium alloy has a corrosive behavior generally comparable to that of stainless steel 18Cr-8Ni, but as soon as the Nickel-Titanium passive layer is broken, the corrosion phenomenon accelerates in a greater proportion than steel. In the present study, the corrosive behavior of steel and Nickel-Titanium is similar, except for the Nickel-Titanium multistrand wire, which has a major susceptibility to corrosion. In the event that a breach of the passive layer occurs, the re-passivation would be slower for the Nickel-Titanium than for the steel.
Shabalovskaya et al. [6] said that inconsistent resistance to corrosion of the Nickel-Titanium could be attributed to the lack of chemistry understanding of its original surface and the lack of a standard surface treatment.
Nickel-Titanium wires would not have the same resistance to corrosion according to the different manufacturers. For Huang et al. [7] , surface morphology and wire roughness are related to corrosion resistance.
The diffusion of metallic nickel may occur through defective layers of TiO2, which could be the case of layers affected by the constraint. The tension area of the constraint could be victim of micro tear at the surface of the wire, which would favor the release of nickel ions. These areas, with a defective layer of passivation, would be more corrosive. [8] In this study, there were no visible differences between the areas submitted to constraint and the others.
On average, an orthodontic wire remains one to two months in the mouth; the effects of corrosion, that is to say the degradation of its structure and its surface are cumulative.
This in vitro study was done in static conditions. In clinical conditions, the wear and dislamination between wire and bracket could induce the corrosion phenomenon and thus increase the release of nickel ions. The corrosive behavior was very much dependent on the environment; in vivo tests would allow to have more reliable results. The use of artificial saliva was not possible due to the difficulty of getting a constant acid pH throughout the study.
The average pH of non-stimulated saliva in healthy patient is 6.8, with variations between 5.9 and 7.5 [9] The saliva has the ability to neutralize the declines of pH (food intake, micro-organisms) by its buffer power and renewal within about 20 minutes [10] . The pH 2 represents in this study an extreme situation that could not be clinically encountered. Other factors of environment that promote corrosive behavior, such as fluorine are not part of this study.
Despite the good corrosion resistance of Nickel-Titanium wires submitted to the constraints, there are fractures due to the degradation caused by corrosion in the oral environment [11] .
The Nickel-Titanium fracture could be attributed to the degradation of mechanical properties due to the hydrogen absorption [12] .
The corrosion increases friction force between the arc/bracket interfaces by the increase of the surface roughness. The result is an inappropriate distribution of forces on orthodontic devices and as a result, the efficacy of the dental movement decreases [13] .
Nickel-Titanium wires degrade by adhesive wear while steel wires degrade by abrasive wear. The Nickel-Titanium wires would be more resistant to wear than steel wires [14] .
Adding some metals to an alloy can reduce its predisposition to corrosion. This notion has been used in the production of Nickel-Titanium and orthodontic stainless steel. The corrosion resistance of Nickel-Titanium is due to the large proportion of titanium. In the case of Stainless Steel alloys, the addition of chrome and nickel gives resistance to corrosion. The addition of molybdenum can reduce the injection corrosion and the cavernous corrosion [1] .
Several authors have tested the corrosion resistance of Nickel-Titanium alloys in different conditions. Lijima et al. [15] found this resistance in a saline physiological solution more important than that of steels or Cobalt-Chrome alloys. Grosgogeat et al. [10] found the potential and the corrosion current of a Nickel-Titanium-Copper alloy very close to those of a classic Nickel-Titanium alloy. The corrosion resistance of Nickel-Titanium alloys is lower than that of the pure titanium.
The application of a constraint on an orthodontic wire does not seem to have any influence on localized corrosion phenomenon [16] . According to Huang [17, 18] , the composition and manufacturing of Nickel-Titanium wire, the pH and immersion time have an influence on corrosion rate but not on surface condition. The lower the pH is, the greater the corrosion rate. In 2000, Eliades et al. [19] show that there is no difference in corrosion between anterior and posterior areas of an arc, between different manufacturers and between round, square or rectangular different sections. Rondelli and Vicentini [20] confirm the noninfluence of the geometry of wire. However, Wide et al. [21] report in their study significant differences in corrosion between Nickel-Titanium wires from different suppliers. Eliades et al. [22] quantified the concentrations of metals into the saliva of orthodontic patients. They do not show any significant differences between a patient with steel arc and the one with Nickel-Titanium arc.
Toms [23] describes losses of size, change of forces applied on the teeth, risks of increased fracture and release of metal ions as consequences of the corrosion.
A study of Lijima et al. [15] shows that polishing a wire out of his commercial bag does not improve its resistance to corrosion. The layer of TiO2 improving corrosion resistance is influenced by the manufacturing process. However, in acid medium (lactic acid) this layer is put down and no longer plays its protective role.
The origin of alloys, the pH value and the immersion duration had a significant influence on the ions quantity of nickel and titanium released by the wires into artificial saliva [7] .
Huang [18] shows that surface condition of a Nickel-Titanium wire is rougher than a conventional steel wire.
However, a rougher surface does not correspond to a greater loss of ions even if surface defects will be preferred sites for initiation of corrosion.
Nickel-Titanium wires behave well in relation to corrosion phenomenon but that as soon as their protection layer is broken the phenomenon will be accelerated [24] . Nickel-Titanium alloys with a layer of aesthetic epoxy resin have better corrosion resistance and would be a good alternative for allergic patients [25] .
CONCLUSION
Corrosive behavior depends on the properties of the material (chemical composition, microstructure), the manufacturing process, the environment, the pH values and the constraints. It was not possible with the Scanning Electronic Microscope to see differences between surface condition of the areas submitted to a constraint and the others. The corrosion effects, the degradation of the structure and the surface are cumulative. There is a need to conduct clinical studies with more samples in order to achieve more appropriate and statistically significant results. There is not yet a complete knowledge of corrosive behavior of alloys used in medical field; further studies would improve their applications (prostheses, implants...). The surface condition is an important factor for corrosion. The rougher the surface is, the more likely it is to be attacked by corrosion especially the injection corrosion. The manufacturers must take this issue into account.
